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A B S T R A C T  

Water contamination is a serious problem that endangers both aquatic and terrestrial life. Ecosystem 

balance is upset, Biochemical Oxygen Demand (BOD) levels are off, and eutrophication results, all of 

which have disastrous effects on the environment. Effective wastewater management and treatment 

are essential to resolving this issue to save lives and safeguard water resources. The term "water 

management" refers to a group of procedures used to collect, treat, and reuse wastewater. Phase 

separation, sedimentation, filtration, and oxidation are common traditional wastewater treatment 

techniques. Recent technological developments have, however, produced creative answers that boost 

productivity and support sustainability. The Microbial Fuel Cell (MFC) is one such innovation. MFCs 

capture the energy contained in wastewater sludge and use biological processes to produce electricity. 

Along with treating the wastewater, this also offers a sustainable energy source. The Automated 

Variable Filtration (AVF) system, which uses cutting-edge filtering methods to remove pollutants and 

impurities from wastewater, is another innovation. It enables effective and automatic management of 

the filtration procedure, leading to better water quality. Another useful tool for wastewater treatment 

is nanotechnology. It is possible to more efficiently remove contaminants from water by using 

nanomaterials with special features. These substances, such as nano filters and nanocomposites, have 

better catalytic and adsorption properties, increasing the effectiveness of treatment. Another prominent 

approach is thermal hydrolysis, which uses heat and pressure to degrade organic materials in 

wastewater. By facilitating the conversion of organic waste into biogas and utilizing batch and 

EXELYIS technologies, this procedure lessens the negative environmental effects of wastewater 

treatment. These cutting-edge technologies offer long-term approaches to wastewater treatment, 

promoting the growth of eco-friendly lifestyles and minimizing water waste. We can efficiently manage 

and treat wastewater by putting these cutting-edge techniques in place, protecting water resources, and 

reducing the possibility of environmental disasters brought on by water pollution. 

Keywords: Wastewater, Ecosystem, Phase separation, EXELYIS, Sustainable 

1 Introduction 

All aquatic and human life are faced with a daunting task due to water pollution, which also has a negative 

impact on ecosystems and threatens the delicate balance of nature [1]. Wide-ranging effects of water 

pollution include eutrophication, algal blooms, biomagnification, changes in Biochemical Oxygen Demand 

(BOD) levels, and many other problems. The management and treatment of wastewater are crucial in 

reducing these dangers and guaranteeing the survival of life [2]. Water management requires an all-

encompassing strategy that includes wastewater collection, treatment, and reuse. The goal is to transform 

wastewater into effluent that can be recycled for useful purposes or brought back into the water cycle with 

little negative environmental impact. Additionally, it comprises the safe disposal of pharmaceutical waste, 

which entails managing medicines carefully and preventing their infiltration into the water supply. Water 

management works to maintain valuable water resources and safeguard the environment by solving these 
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issues [3]. Phase separation, sedimentation, filtration, and oxidation are just a few of the crucial elements 

that make up traditional wastewater treatment systems. These procedures are made to clean up wastewater 

and make it safe to discharge back into the environment by removing toxins and impurities. However, the 

development of novel methods that improve the effectiveness and sustainability of wastewater treatment 

has been made possible by technological breakthroughs. Microbial Fuel Cell (MFC) technology is one such 

example. MFCs use biological processes to clean wastewater and produce power at the same time [4]. They 

use the energy created when microorganisms consume wastewater sludge, producing charged electrons as 

a consequence. This encourages sustainable practices by enabling efficient wastewater treatment and 

offering a renewable energy source. Another significant development in wastewater treatment is Automatic 

Variable Filtration (AVF). This system uses cutting-edge filtering methods to effectively filter pollutants 

and other impurities out of wastewater. AVF provides precise control over the filtering process through 

the use of automation and real-time monitoring, which improves water quality and treatment effectiveness 

[5]. Another useful tool for wastewater treatment is nanotechnology. Nanomaterials have special qualities 

that make them very good at eliminating impurities from water. Nanofilters and nanocomposites, for 

example, have improved catalytic and adsorption properties that make it possible to remove pollutants 

effectively while also enhancing the treatment process as a whole [6]. A further important technique that 

has become popular in wastewater treatment is thermal hydrolysis. In this method, organic debris in 

wastewater is broken down using heat and pressure. It lessens the environmental effect of wastewater 

treatment while enabling the conversion of organic waste into biogas, a renewable energy source [7]. Two 

thermal hydrolysis technologies that have been created to enhance the treatment process are batch and 

EXELYIS. These cutting-edge technologies offer effective and environmentally friendly wastewater 

treatment methods, promoting the growth of environmentally friendly behaviors and minimizing water 

waste. We can efficiently manage and treat wastewater by incorporating these developments into the 

methods used to treat it, protecting water resources and reducing the possibility of environmental disasters 

brought on by water pollution [8]. The safe and effective management of pharmaceutical waste is just as 

important as the treatment of wastewater. Unused, expired, or leftover pharmaceuticals are referred to as 

pharmaceutical waste because improper disposal of them can have a negative impact on both human health 

and the environment. Pharmaceutical waste can enter water systems through improper disposal, poisoning 

water supplies, and endangering aquatic ecosystems and human populations [9]. Sustainable and creative 

methods have been created to solve this problem by reducing the quantity of pharmaceutical waste 

produced and promoting its safe treatment. These methods include a variety of tactics including public 

awareness campaigns, take-back initiatives, and the adoption of safe disposal practices. We can greatly lessen 

the environmental effects associated with pharmaceutical waste by educating the general people on the 

significance of ethical pharmaceutical waste disposal and by offering accessible and easy collection places 

[10]. 

1.1 Wastewater effects 

Wastewater contamination of water poses a serious hazard to the ecosystem (shown in Figure 1.0) and has 

substantial negative repercussions [11]. It has negative effects and upsets the sensitive ecosystems' 

equilibrium. BOD level fluctuations, eutrophication, algal blooms, biomagnification, and other 

environmental dangers are a few of these impacts. The negative impacts of wastewater on the environment 

must be effectively managed and treated to be reduced [12]. The following are some of the main 

consequences of wastewater. 
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1.2 Algal Blooms 

Detrimental algal blooms (HABs) can arise as a result of wastewater discharge. Algal blooms are defined as 

the quick and voluminous growth of algae, which can release toxins that are harmful to both aquatic life 

and people [13]. Wide-ranging effects of these blooms include the death of fish, disruption of leisure 

activities, contamination of drinking water reservoirs, and negative effects on the health of marine life. 

Without being properly treated, wastewater that is particularly high in nutrients like nitrogen and 

phosphorus and enters aquatic bodies can encourage the formation of algae. The abundance of nutrients 

makes it possible for algae to grow quickly and generate massive blooms. Certain kinds of algae inside these 

blooms can create toxic substances that are dangerous to aquatic life and even people, such as cyanotoxins 

[14]. There are several effects of algal blooms. Fish deaths can happen when too many algae blooms reduce 

the amount of oxygen in the water, suffocating fish and other aquatic life. Algal blooms can also prevent 

people from participating in outdoor activities like swimming, boating, and fishing because of their unsightly 

look and potential health hazards from the poisons they release. It also poses a serious risk to human health 

if drinking water sources are polluted with algal toxins, necessitating expensive treatment procedures to 

guarantee the security of the water supply [15]. Additionally, some marine creatures, including shellfish and 

other filter-feeding animals, can build up algal toxins in their tissues, rendering them toxic for ingestion and 

harmful to those who do. To reduce the negative consequences of algal blooms brought on by wastewater 

discharge, it is essential to manage and treat wastewater properly. The excessive growth of algae in receiving 

water bodies may be prevented by implementing effective treatment techniques, which can eliminate or 

greatly reduce nutrients and other contaminants present in wastewater [16]. Algal bloom monitoring and 

early identification can also aid in the start of necessary activities to lessen their effects and safeguard 

ecosystems and human health. 

Figure 1: Wastewater Effect on Ecosystem 
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1.3 Biomagnification 

The phenomenon known as "biomagnification" occurs when the concentration of pharmaceuticals or 

dangerous chemicals, such as pesticides or heavy metals, gradually rises at increasing levels within a food 

chain or food web [17]. The biomagnification of chemicals like dichloro-diphenyl-trichloroethane (DDT), 

polychlorinated biphenyls (PCBs), mercury, arsenic, and other comparable compounds is an example of 

this process. Agriculture-related pollutants such as pesticides, fertilizers, and other pollutants are the major 

causes of biomagnification. We'll use the biomagnification of DDT in an aquatic food chain as an example. 

DDT levels in creatures at lower trophic levels, including zooplankton, may be as high as 0.04 parts per 

million (ppm) [18]. The content of DDT in their tissues rises when the DDT-containing species are eaten 

by higher trophic-level organisms, including tiny fish. As larger fish eat the smaller fish, the process repeats, 

resulting in a higher concentration of DDT. In top predators like eagles, the concentration of DDT can 

eventually rise to levels as high as 5 ppm. The features of these dangerous drugs are the cause of this 

behavior. They can build up in an organism's tissues and are resistant to destruction. Lower trophic level 

creatures absorb and store these chemicals when they are exposed to them [19], [20]. Due to the cumulative 

impact, higher trophic level species amass a higher concentration of the drug when they devour more of 

these infected creatures. Ecosystems and the creatures that reside within them are seriously threatened by 

biomagnification. These dangerous compounds can cause serious health problems and reproductive 

concerns in top predators as their concentration rises the food chain. Additionally, it may have a domino 

effect on the ecosystem's general stability and balance. The use of pesticides and other dangerous 

compounds is strictly regulated and controlled, and sustainable farming practices are implemented as part 

of efforts to reduce biomagnification [21], [22]. We can reduce the danger of biomagnification and safeguard 

the well-being of species and ecosystems by minimizing the number of pollutants we release into the 

environment and implementing ecologically friendly alternatives. 

1.4 Eutrophication 

A natural or man-made process called eutrophication causes water bodies to become more loaded with 

minerals and nutrients. There is an abundance of flora in the water due to the oversupply of nutrients that 

encourage plant and algae development [23]. However, human activities that speed up this process can have 

a negative impact on the water quality and general well-being of aquatic ecosystems. The release of 

pharmaceutical waste, such as outdated drugs and chemicals, can worsen the negative impacts of 

eutrophication. The introduction of extra nutrients and pollutants by pharmaceutical waste into water 

bodies promotes the development of plants and algae known as an "algal bloom," this out-of-control 

growth can produce thick mats of vegetation on the water's surface, preventing sunlight from reaching 

submerged plants and lowering the water's oxygen content [24]. Eutrophication caused by the discharge of 

pharmaceutical waste has several negative effects. First off, an overabundance of algae and plants can reduce 

the quality of the water, making it harder for light to pierce the surface and affecting the survival of 

underwater animals. Furthermore, when the algae and plants deteriorate and die, bacteria devour the organic 

material, absorbing a significant quantity of dissolved oxygen in the process [25]. Fish and other oxygen-

dependent creatures may die as a result of this oxygen deprivation due to hypoxic or anoxic circumstances. 

Additionally, the contamination of the environment by harmful compounds is another risk posed by 

pharmaceutical waste in water bodies. Drugs and chemicals can linger in the water, perhaps killing aquatic 

life and upsetting the ecosystem's delicate balance. When consumed by people who eat infected fish or 

other aquatic animals, these toxins can also enter the food chain and impact creatures at higher trophic 

levels [26]. Adequate waste management procedures must be put in place in order to reduce the effects of 



Series: AIJR Proceedings 

ISSN: 2582-3922 

 

 

Advancements in Wastewater Treatment: Sustainable Solutions and Technological Innovation 

 

162 

Proceedings DOI: 10.21467/proceedings.161 

ISBN: 978-81-965621-8-2 

pharmaceutical waste on eutrophication. This involves safely managing and treating chemical waste, 

properly disposing of outdated pharmaceuticals, and educating people about the possible environmental 

effects of inappropriate waste disposal [27]. Additionally, by enhancing wastewater treatment procedures, 

pharmaceutical waste may be cleaned of toxins and nutrients before being dumped into bodies of water, 

reducing the amount of eutrophication. We can lessen the negative consequences of eutrophication, 

safeguard water quality, and maintain the well-being of aquatic ecosystems by addressing the problem of 

pharmaceutical waste discharge and adopting proactive steps to decrease nutrient input into water bodies 

[28]. 

1.5 Management 

Taking all these into account wastewater management is the most concerning area as it ensures the 

availability of pure water and deals with pharmaceutical wastage. Some traditional wastewater management 

systems include three stages as shown in Figure 2. 

Figure 2: Indicates the three phases of wastewater treatment. 

2 Recent technologies 

To improve the efficiency and sustainability of wastewater treatment, some new technologies are as follows- 

2.1 Microbial fuel cell 

An innovative technique utilized to handle different pharmaceutical wastes is microbial fuel cells (MFCs). 

An MFC system uses microorganisms to sequentially transform chemical energy from the oxidation of 

organic or inorganic molecules into adenosine triphosphate (ATP). This procedure results in the 

transmission of electrons to a terminal electron acceptor, which generates an electrical current, due to 

problems with the spread of antibiotic-resistant bacteria and the presence of pharmaceutical substances that 

might damage aquatic species, the use of MFCs in the treatment of pharmaceutical waste is particularly 

crucial. Antibiotic residues found in pharmaceutical waste are frequently responsible for the emergence and 

spread of antibiotic resistance in the environment. Additionally, certain NSAIDs, such as diclofenac, which 

are frequently discovered in pharmaceutical waste, might have hazardous effects on aquatic creatures, by 

producing power and using microbes to break down organic chemicals, it offers a sustainable and 

Primary treatment 

•The first step of 
wastewater treatment, 
primary treatment, 
focuses on physical 
methods to remove 
bigger solids and 
floating debris from the 
wastewater. The 
primary treatment 
procedure often entails 
screening, which 
involves the removal of 
big items and debris, 
followed by 
sedimentation or 
clarity, in which heavier 
particles gravitationally 
drop at the bottom of 
tanks. 

Secondary treatment

•Secondary treatment is 
crucial in wastewater 
treatment as it focuses 
on reducing pathogens, 
nutrients, and organic 
debris, resulting in 
improved water quality 
and reduced risk of 
waterborne infections. 
Techniques such as 
rotating biological 
contactors, trickling 
filters, and activated 
sludge systems 
promote the growth of 
microorganisms that 
consume organic 
matter, converting it 
into biomass, carbon 
dioxide, and water.

Tertiary treatment

•Tertiary treatment 
removes remaining 
sediments, nutrients, 
and pollutants from 
wastewater using 
processes such as 
membrane filtration, 
sand filtration, and 
disinfection, ensuring 
compliance with water 
quality standards and 
minimizing 
environmental risks.
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ecologically benign method. The bacteria or archaea that are used as microorganisms serve as biocatalysts, 

transferring electrons from the cathode to the anode to produce an electrical potential difference. It is 

possible to harness and use this electrical current for a variety of purposes. A potential method for handling 

pharmaceutical wastes is microbial fuel cells (MFCs). MFCs can efficiently decompose chemical molecules, 

eliminate pharmaceutical remnants, and fight antibiotic-resistant bacteria by using the metabolic powers of 

microbes. This resource-conscious strategy makes handling pharmaceutical waste more resource- and 

environmentally friendly by helping to cleanse wastewater and maybe generating power at the same time. 

2.2 Working 

A typical microbial fuel cell (MFC) consists of two compartments: the anode and the cathode, separated by 

a cationic membrane. The anode compartment is where the microbes reside. These microbes metabolize 

organic compounds, such as glucose, which act as electron donors. During the metabolism of these organic 

compounds, electrons and protons are generated. The electrons are transferred to the surface of the anode, 

where they accumulate. Simultaneously, the protons are released into the solution, and from the anode, the 

electrons flow through an external electrical circuit to reach the cathode compartment. Meanwhile, the 

protons migrate through the electrolyte and then pass through the cationic membrane to reach the cathode 

compartment. In the cathode compartment, the electrons and protons are consumed in a reduction reaction 

with a soluble electron acceptor. This electron acceptor can be substances such as oxygen, hexacyanoferrate, 

or acidic permanganate. The reduction of these acceptors helps maintain charge balance in the system and 

completes the electron transfer process. Overall, the MFC operates by facilitating the flow of electrons 

from the anode to the cathode through the external circuit while allowing the migration of protons through 

the electrolyte and cationic membrane. This electron flow generates an electric current that can be harnessed 

for various applications, such as powering electronic devices or contributing to the electrical grid. 

2.3 Application 

1. Wastewater Treatment: By using microorganisms to degrade organic substances, MFCs may efficiently 

clean wastewater that contains a lot of organic material. This procedure produces electrical energy as a 

byproduct in addition to cleaning up contaminants. 

2. Sustainable Energy Generation: A sustainable and renewable energy source is possible with MFCs. 

They can generate power from a variety of organic waste streams, such as industrial waste, food waste, 

and agricultural waste. Small-scale applications can be powered by this energy, or they can be utilized 

to support the electrical grid. 

3. Remote Power Generation: MFCs are useful for power generation in off-the-grid or isolated areas with 

limited access to traditional energy sources. In remote locations, they can supply electricity for sensors, 

watchdog equipment, or low-power applications. 

4. Sustainable Agriculture: MFCs might be included in agricultural systems to purify water and recover 

nutrients. They can lessen the negative effects of nutrient runoff on the environment by capturing and 

converting nutrients from animal manure into power. 

5. Desalination: Desalination procedures can benefit from the integration of MFC technology to increase 

their effectiveness. MFCs can assist in driving the desalination process and reduce energy requirements 

by combining them with desalination methods like reverse osmosis or electrodialysis. 

Bacteria play a very crucial role in MFC, so it is necessary to discuss various types of microbes used in MFC. 

These bacteria were further classified as shown in Table 1. 
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Table 1: Type of Microbes and Their Functions 

S. No Microbe Type Description Function in MFC 

1. 

 

 

 

Shewanella spp. Gram-negative bacteria that can 

transfer electrons to solid 

surfaces 

Act as electrogenic bacteria, transferring 

electrons from the microbial metabolism to the 

anode. 

2. Geobacter spp. Geobacter species are 

electrogenic bacteria capable of 

extracellular electron transfer 

They play a crucial role in direct electron transfer 

and are commonly used in MFCs. 

3. Escherichia coli Gram-negative bacteria 

commonly found in the gut of 

humans and animals 

Used in MFC research as a model organism for 

studying electron transfer mechanisms and 

biofilm formation. 

4. Pseudomonas spp. Common Gram-negative 

bacteria are known for their 

metabolic versatility 

Used in MFCs due to their ability to produce high 

current densities and tolerance to various 

environmental conditions. 

5. Bacillus spp. Gram-positive bacteria with 

diverse metabolic capabilities 

Used in MFCs for their ability to generate 

electricity and their resistance to extreme 

environmental conditions. 

6. Clostridium spp. Anaerobic Gram-positive 

bacteria that produce electricity 

through fermentation processes 

Used in MFCs for their ability to generate current 

by utilizing a wide range of organic compounds. 

7. Rhodopseudomon

as spp. 

Purple non-sulfur bacteria 

capable of both photosynthesis 

and respiration 

Used in MFCs to harness their ability to transfer 

electrons from organic matter to the anode. 

8. Mixed cultures A combination of different 

microbial species present in 

natural environments 

Often used in MFCs to mimic real-world 

conditions and enhance the overall performance 

and stability of the system. 

3 Thermal hydrolysis 

Thermal hydrolysis is a wastewater treatment process that includes heating and applying pressure to sewage 

sludge or other moist organic material. Anaerobic digestion, a popular technique for handling organic waste, 

is intended to be made more efficient and effective through this procedure. Thermal hydrolysis involves 

heating organic waste or sewage sludge under high pressure. The waste material's structure is disturbed, and 

complex organic components are broken down by exposure to high pressure and temperature. As a result, 

during anaerobic digestion, the waste is more readily digestible by microorganisms. The waste's organic 

substance is released during the heat hydrolysis process, making it easier for microorganisms to degrade it. 

This results in better biogas generation and more readily available nutrients in the digester. Microorganisms 

and volatile substances in the waste material can both be reduced by heat hydrolysis. The process's high 

temperatures and pressures aid in sterilizing the sludge, making it safer for reuse or disposal. In wastewater 

treatment facilities, heat hydrolysis is a useful method for improving the anaerobic digestion process. It 

provides advantages including greater energy recovery, improved waste management, and less 

environmental impact by dissolving complex organic molecules and enhancing biogas generation. 

3.1 Working 

In the wastewater treatment plant, the raw sewage sludge undergoes a series of steps for further treatment. 

After the primary and secondary treatment units, the sludge is collected and dewatered to achieve a dry 
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solids content of 16-18%. This thickened sludge is continuously fed into the pulper, where it is further 

processed. From the pulper, the warm sludge is continuously fed into the reactors sequentially, ensuring 

that each reactor contains a sealed batch of sludge. As one reactor fills up, the sludge flows into the next 

available reactor, maintaining a continuous process. Within the reactor, the sludge undergoes sterilization 

and hydrolysis to facilitate the breakdown of organic matter. The sterilized and hydrolyzed sludge is then 

transferred to the flash tank, which operates at atmospheric pressure. From the flash tank, the sludge is 

cooled in heat exchangers to reach the typical temperature required for anaerobic digestion. Finally, the 

cooled sludge is fed into the anaerobic digesters, where further treatment and decomposition of organic 

matter occur. 

3.2 Application of thermal hydrolysis 

1. The sludge cake has a lower odor. 

2. Reduced carbon footprint of the facility, particularly when combined with other water tech services. 

3. As the biosolid mass and volume decrease, the residual management cost is lower. 

4. Biosolids produced are an effective and low-cost fertilizer. 

5. Excess biogas production can be used for sustainable electricity production or grid injection. 

4 Automated variable filtration 

An easy technique is Automated Variable Filtration (AVF), which filters the influent by having filter media 

flow downhill as the influent flows upward. This novel method does not require additional steps or 

freshwater to clean the filter medium. By successfully eliminating pollutants and impurities from the 

influent, AVF technology offers a cost-effective and environmentally friendly alternative for wastewater 

treatment. AVF optimizes the filtering process while reducing the need for maintenance and resource usage 

by using the downward flow of filter material. With less operational complexity and environmental impact 

than conventional filtering systems, this technology provides wastewater treatment facilities with an 

affordable and practical alternative. 

4.1 Working 

Based on a distinct filtering concept, the Automated Variable filtering (AVF) system functions. This system 

uses a filter bed with granular filter material, with the influent being directed to flow upward through it. 

Filter medium traps suspended solids, particles, and other impurities when the influent flows through the 

filter bed, enabling only clean water to pass through. AVF stands out due to its capacity to autonomously 

regulate the filtering process. The system has sensors and controls that keep track of the influent's pressure 

and flow rate. The AVF system modifies the flow rate and backwashing cycle based on these readings to 

improve filtering performance. The system starts a backwashing cycle when the pressure drop across the 

filter bed crosses a predetermined threshold, signaling that the filter media is beginning to clog. 

Backwashing involves the flow being reversed so that water is sent through the filter bed at an angle. By 

doing this operation, the filter media's collected particles are dislodged and removed, restoring its capacity 

for filtering. In order to reduce water waste, the AVF system efficiently uses the cleansed backwash water 

by sending it to additional treatment stages like settling tanks or sludge treatment units. The entire water 

usage is decreased, and sustainable operation is ensured by this closed-loop method. Since the AVF system 

is made to run constantly, filtering may continue even when backwashing is being done. The Automated 

Variable Filtration system offers an automated and optimized filtration process for wastewater treatment, 

which improves the system's efficiency and dependability. AVF improves water quality and sustainability in 
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wastewater treatment facilities by successfully collecting and eliminating impurities and by making optimal 

use of water resources. 

4.2 Application 

1. Wastewater Treatment: The treatment of municipal and industrial wastewater uses AVF technology. It 

successfully purges pollutants, suspended particulates, and other impurities from the influent, 

enhancing the overall water quality before discharge or re-use. 

2. Drinking Water Treatment: AVF systems are used in water treatment facilities to clean and disinfect 

raw water before it is turned into potable water. It aids in purifying the water supply by removing 

particles, turbidity, and other contaminants. 

3. Stormwater Filtration: Stormwater management systems use AVF technology to treat runoff water and 

remove contaminants before it is released into water bodies. It aids in safeguarding the integrity of 

receiving waters and avoiding pollution. 

5 Future prospective 

In recent years, several innovative technologies have emerged in the field of wastewater treatment and 

energy recuperation. One such technology is the implementation of CW-MFCs (constructed wetland 

microbial fuel cells), which have shown promising results in the complex treatment of sewage while 

simultaneously generating green energy. By reducing the reliance on fossil fuels in traditional treatment 

processes, CW-MFCs contribute to sustainable and environmentally friendly practices. Additionally, it is 

crucial to address the issue of overprescribing and overuse of medications in healthcare. To combat this 

problem, healthcare providers should prioritize prescribing and dispensing only the necessary amount of 

medication required to treat a patient's condition, thereby minimizing waste and potential adverse effects. 

Furthermore, advanced oxidation processes (AOPs) have emerged as a highly effective and efficient 

solution for wastewater treatment. By utilizing chemical and biological agents, AOPs can effectively break 

down organic pollutants, offering a comprehensive approach when combined with other technologies. 

These advancements in wastewater treatment and sustainable practices hold great promise for mitigating 

environmental pollution and fostering a healthier future. 

6 Conclusion 

Significant improvements in establishing long-term water management strategies have been made as a result 

of the development of new technology for wastewater treatment. These novel strategies address the urgent 

problems caused by pharmaceutical waste, water contamination, and resource depletion. By putting these 

technologies into practice, we can efficiently safeguard both aquatic and terrestrial life, save water, and 

lessen the impact of environmental disasters. Technologies like microbial fuel cells (MFCs) use biological 

processes to transform sewage sludge into charged electrons, offering a productive and environmentally 

friendly approach to treatment. Automated Variable filtering (AVF) systems have transformed the filtering 

process by increasing water quality, reducing resource use, and optimizing efficiency. Technologies for 

thermal hydrolysis, such as batch and EXELYIS, provide efficient ways to handle organic waste while 

maximizing energy recovery to improve the treatment procedure, these new technologies encourage the 

reusing of treated water, aiding in attempts to save water. They are essential in lowering the number of toxic 

compounds that are dumped into water bodies, as well as in avoiding eutrophication, biomagnification, and 

algal blooms. Additionally, by safely managing pharmaceutical waste, these eco-friendly methods limit the 

development of germs resistant to antibiotics and the discharge of hazardous materials into the 

environment. To achieve sustainable growth and safeguard our water resources, these innovative 
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technologies must be used in wastewater treatment facilities and water management systems. To maintain 

the long-term health and sustainability of our water ecosystems, we must prioritize the widespread use of 

these technologies as we develop and improve them. By adopting these environmentally friendly 

alternatives, we can build a brighter future where everyone has access to clean water and environmental 

effects are reduced. 
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